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(57) Claims 



1 . A high-density optical read-out method which is characterized by the fact that three 
adjacent information tracks on a disk-form recording medium in which information is stored in 
the form of tracks in a format which allows optical read-out are simultaneously irradiated with 
light, and the signal of the middle information track of the three information tracks is read out by 
means of processing in which values obtained by multiplying the respective information light 
signals from both information tracks adjacent to the abovementioned middle information track by 
the respective amounts of crosstalk are subtracted from the mformation light signal from said 
middle information track. 

Detailed Description of the Invention 

The present invention concerns an optical disk reader. 

Optical disks in which indentations and projections are recorded on the disk surface in 
accordance with a recording signal, and the recorded information is read out by means of light in 
a non-contact manner at the time of playback, have attracted attention. In the case of this system, 
large quantities of information can be recorded and read out, and mass duplication is possible. 
Furthermore, such disks are also resistant to the effects of dust and scratches. Accordingly, 
applications such as video disks, audio disks, large-capacity still image files and large-capacity 
computer memories, etc., are conceivable. Video disks of this type are described in detail in (for 
example) a paper titled "The Philips *VLP' System" in Philips Technical Review, 1973, pp. 178- 
193. According to this paper, the video disk input signal is an FM signal synthesized by 
frequency modulation, and this signal is converted into a square pulse signal. This pulse signal is 
input into a laser modulator, and a photoresist applied to the surface of the disk is exposed, or a 
vacuum-deposited metal thin film is evaporated, by the on/off switching of the laser beam. The 
portions irradiated by the laser beam form pits, and a pattern is formed in which the width of the 
pits is the same, but the length of the pits varies according to the signal. Information recorded in 
this manner is scanned with coherent laser light, and changes in the reflected light are read out. 
When coherent light is directed onto the pits formed in the disk surface, the light path length of 
the reflected light varies depending on the presence or absence of pits. As a result, mutual 
interference of the light occurs, and if this interfering light is detected by means of a light 
detector such as a photodiode, etc., the intensity of the light associated with the pits, i. e., the 
information, can be read out. Since the size of the recorded pits is 0.8 microns and the track 
pitch is 1 .66 microns, the read-out device constricts the read-out light beam to [a diameter of] 
approximately 1 micron, and an automatic focus adjustment mechanism and automatic tracking 
mechanism are required in order to coimter disk surface deviations and rotational axis deviations. 
The pit size is approximately the same as the wavelength of the recording light and the 
wavelength of the read-out light, and the track pitch is set so that tracks are unaffected by 
crosstalk with adjacent tracks. Accordingly, the recording density and capacity determined by 
the abovementioned parameters have been viewed as the limits of optical recording. The object 
of the present invention is to provide an optical read-out method which allows high-density, 
large-capacity read-out while achieving an apparent reduction of crosstalk. 
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The optical read-out method of the present invention is constituted as follows: i. e., three 
adjacent information tracks on a disk-form recording medium in which information is stored in 
the form of tracks in a format which allows optical read-out are simultaneously irradiated with 
light, and the signal of the middle information track of the three information tracks is read out by 
means of processing in which values obtained by multiplying the respective information light 
signals from both information tracks adjacent to the abovementioned middle information track by 
the respective amounts of crosstalk are subtracted from the information light signal from said 
middle information track. 

Below, the present invention will be described in detail with reference to tiie attached 
figures. Figure 1 illustrates a conventional method, and shows the track arrangement of the pits 2 
recorded in the recording material, and the light beam 1 which is used to read out information. 
When the pits 2 are irradiated by the light beam 1 , variations in intensity are generated in the 
reflected light; accordingly, the presence of the pits 2 is detected, and is read out as information. 
Even when the light beam 1 is irradiating the center of a pit, light is also incident on the pits in 
adjacent tracks, since the light beam 1 has a Gaussian intensity distribution and thus has a broad 
foot. The amount of crosstalk generated as a result can be obtained by determining a cumulative 
distribution function by integrating the Gaussian distribution (probability density function) in a 
first-order approximation. Figure 2 shows the change in the amount of crosstalk according to the 
track spacing in a case where the pit width was set at 0.8 microns and the light beam diameter 
2W was set at 1 .0 microns. It is seen that in the case of a track pitch of 3.2 W = 1 .6 microns, the 
amount of crosstalk is 1 0'^ or less, which is an amount that does not cause any problems in terms 
of the signal level. However, when the track pitch is narrowed to 2.5 W = 1 .25 microns, the 
amount of crosstalk is increased to a value of 10'^ or greater, which causes considerable problems 
in terms of the S/N ratio of the signal. Accordingly, the track pitch cannot be made narrower 
than 1 .6 microns. 

Figure 3 is a diagram which illustrates the read-out method of the present invention. 
Here, three light beams 1, T and 1 " are used as read-out light beams. The light beams 1 ' and 1 " 
are separated from the central light beam 1 in the direction perpendicular to the tracks by an 
amount equal to the track spacing. Accordingly, in Figure 3, the light beam V irradiates the 
center of the track -1 , the light beam 1 irradiates the center of the track 0, and the light beam 1 " 
irradiates the center of the track +1 . If the amounts of crosstalk of the respective light beams 
with adjacent tracks are expressed as k, then the signal light quantities S, S* and S" obtained from 
the respective light beams 1,1' and 1 " can be written as follows: 

S = kS, + So + kS,, (1) 

S' = kS.2 + S.,+kSo (2) 

S" = kSo + S,,+kS,2 (3) 

Here, S.2, S.j, Sq, S,, and S,2 express the signal light quantities obtained when light beams 
are incident on the central portions of the respective tracks. Furthermore, since the contributions 
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from the second closest tracks are small, and can be ignored here. 

From the above Equations (1), (2) and (3), we obtain the following: 

S - kS' . kS" = (1 - 2k^)So - k'S.2 - (4) 

[Translator's note: in the above equation and in the text below, superscripts and subscripts are 
doubtful due to poor legibility in the original ] 

The value of kj [5/c] is definitively determined by the track pitch and the size of the light beams; 
since this value is sufficiently small, the signal Sq can be obtained. The significance of Equation 
(4) is that if the light quantities from the respective light beams are calculated as shown in 
Equation (4), the information signal Sq is obtained, and the amount of crosstalk can be reduced 
from 2k to a value of 2k^ [?] (1 - 2k^) to 2kl Accordingly, the track pitch of the recorded pits can 
be narrowed, so that a higher density can be realized. It is seen fi-pm Figure 2 that the crosstalk 
2k for a track pitch of 3.2 W is approximately 10"^ accordingly, a track pitch of 2.5 W is allowed 
for a crosstalk 2k' of approximately 10 ^ Judging fi-om this, high-density recording and read-out 
equal to 1.28 times the conventional density (3.2W/2.5W) can be achieved. Since the recording 
capacity of an optical disk is extremely large, i. e., 10' [?] bits, a large effect can be obtained even 
in the case of a slightly less than 1/3 increase in capacity. Figure 4 is a diagram which illustrates 
one example of an apparatus that can be used in order to realize the high-density optical read-out 
method of the present invention. Here, laser beams with different wavelengths emitted by 
respective semiconductor lasers 10, 1 1 and 12 are gathered into a single light beam by means of 
half-mirrors 13 and 14, and converted into parallel light by a lens 15. Afterward, this parallel 
light is reflected by a half-mirror 16 and conducted to a lens 1 7. The laser light is focused by the 
lens 1 7 into a spot with a diameter of 1 micron on the surface of a disk 3 which is rotated by a 
motor 4. However, since the positions of the respective semiconductor lasers 10, 1 1 and 12 are 
separated fi"om each other by a slight distance (e. g., 1 .25 microns) with respect to the optical 
axis, the light beams of the respective lasers are lined up at a spacing of 1 .25 microns. The 
respective light beams are reflected by the pits of respective adjacent tracks, and the [reflected] 
laser light returns to the respective semiconductor lasers 10, 1 1 and 12 after passing through the 
lens 17, half-mirror 16, lens 15 and half-mirrors 13 and 14. In the semiconductor lasers, a self- 
coupling effect is found which is generated by changes in the driving current and changes in the 
light quantity that occur when the emitted light is again returned to the active regions of the 
semiconductor lasers, and returning light information can be detected using this self-coupling 
effect. In Figure 4, the retuming light from the different semiconductor lasers is also incident on 
the respective semiconductor lasers; however, if the wavelengths of the respective 
semiconductor lasers differ by at least 100 angstroms, no self-coupling effect of these light 
beams is generated. Accordingly, information recorded on the three adjacent tracks described 
above can be simultaneously read out. The signals thus read out are subjected to processing 
corresponding to Equation (4), in which the operating circuit multiplies the signals by the 
crosstalk amounts. As is shown in Figure 5, the signals from the semiconductor lasers 10 and 12 
are attenuated by attenuators 33 to values multiplied by the crosstalk amount k, and these signals 
are subtracted from the signal of the semiconductor laser 1 1, thus producing a read-out signal. 
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Tracking and focusing signals which are used to maintain the relative positions of the light beams 
and disk 3 are applied in a well-known manner as described below. Reflected light from the disk 
18 [sic; error for ^'3"? —Translator. \ passes through the half-mirror 20 via the lens 17, half- 
mirror 16 and lens 19, and is conducted to a two-surface split light receiver 21 . Since the light 
quantity distribution is skewed on the light receiver 21 according to the relative positions of the 
tracks and light beams, tracking discrepancies can be detected. Furthermore, the light that is 
reflected by the half-mirror 20 is conducted to a four-surface split light receiver 23 via a wedge 
22. When the disk 18 [sic] deviates from the focal position of the lens 17, the two-dimensional 
beam shape on the light receiver 23 is converted into an asymmetrical elliptical shape; 
accordingly, focusing discrepancies can be detected. Laser beams from the respective 
semiconductor lasers 10, 1 1 and 12 are incident on these detectors, so that displacements from 
the respective tracks are added to each other. Accordingly, the tracking and focusing signals are 
more reliable than in the case of a single laser beam. 

Here, ftirthermore, an apparatus based on a signal read-out system using a self-coupling 
effect was described as an embodiment. However, it is clear that the effect of the present 
invention even in cases where signals are separately detected by installing light-receiving 
elements corresponding to the light sources. 

In the present invention, as was described above in detail, the read-out of high-density, 
high-capacity recording is made possible by achieving an apparent reduction in the amount of 
crosstalk. 

Brief Explanation of the Figures 

Figure 1 is a diagram which illustrates a conventional information read-out method. 
Figure 2 is a graph which illustrates the amount of crosstalk. Figure 3 is a diagram which 
illustrates the information read-out method of the present invention. Figure 4 is a diagram which 
illustrates one example of an apparatus used in order to realize the present invention. Figure 5 is 
a diagram which illustrates the signal processing circuit. 

hi the figures, 1, T and 1" indicate light beams, 2 indicates pits, 3 indicates a disk, 10, 1 1 
and 12 indicate semiconductor lasers, 13, 14, 16 and 20 indicate half-mirrors, 15, 17 and 19 
indicate lenses, 21 and 23 indicate split-surface light receivers, and 22 indicates a wedge. 
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Figure 1. 



Figure 2. 

a. Amount of crosstalk 

b. Track pitch 



Figure 3. 
a. Track numbers 





Figure 4. 



Figure 5. 
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